Original Article introduction Hepatitis C virus (HCV) is an enveloped, positive-sense RNA virus of 9.6 kb belonging to family Flaviviridae and genus Hepacivirus. The global prevalence of HCV is about 1%, with India having a prevalence of 0.09%-2.02%, with about 6-11 million people infected.
With the advent of directly acting antivirals (DAAs), there is a possibility of cure. DAAs are cost-effective, efficacious medications with fewer side effects [3] which should become available to all individuals with demonstrable HCV viraemia even in the remote, less accessible areas of the country.
Many people living in remote areas are still not aware that they have HCV infection and there is an urgent need for better sampling and transportation of samples from such distant areas to reference centres, where the facility for the diagnosis of HCV is available. This has become even more important with the recent action plan of the WHO to eliminate hepatitis C by 2030.
Detection of HCV RNA is required to start the treatment and assess the response. Collection of plasma and its appropriate transport to referral laboratories from distant resource-limited settings is challenging and may negatively impact on the accuracy of results. The challenges are due to the duration of shipment and extremes of temperature that the clinical samples can be subjected to.
Dried blood spots (DBS) have recently been evaluated as an alternative to plasma for detecting HCV RNA and HCV genotyping, and it has been recommended in the recent WHO guidelines. [4] There are not many studies evaluating DBS as an alternative sample for HCV RNA detection in our country. In addition, the influence of extreme ambient temperatures of the Indian subcontinent on such samples during shipment has not been addressed to.
Aim and objectives Aim
The aim of this study is to assess the feasibility of DBS as an alternative specimen to plasma for HCV RNA detection and quantification.
Objectives
1. To compare DBS with plasma as an alternative specimen source to detect/quantify HCV RNA and hepatitis C core antigen 2. To analyse the effect of different temperatures (4°C and ≥37°C for 15 days) on DBS samples, before detection and quantification of HCV RNA, and HCV core antigen.
metHods
This study was approved by the Institutional Review Board and was conducted from March 2016 to May 2017.
Samples from 40 consecutive treatment-naive patients, with high index of suspicion of having HCV infection; referred from the liver clinic were included in the study after written informed consent. Patients with HCV RNA-negative plasma, patients who were pregnant or <18 years of age and who did not give consent for the study were excluded. Patient demographics and liver function test results were collected from the electronic clinical records.
Nine millilitres of blood was collected in sterile vacutainer tubes-containing potassium ethylene diamine tetraacetic acid (K 2 EDTA). An additional 4 ml K 2 EDTA tube was taken, of which 2 ml blood was used for estimating packed cell volume (PCV). This extra sample was collected because 6-7 ml of whole blood (after separating out plasma) is used for routine testing, whereas the remaining 1-2 ml of whole blood was used for generating DBS. PCV values were estimated for each sample, to arrive at a correction factor/normalisation coefficient. This was to adjust for the difference in sample volume and sample type between plasma and DBS samples.
Two Whatman 903™ (GE Healthcare, Cardiff, UK) protein saver cards were labelled with unique study identification number, date of collection and the temperature (4°C or ≥37°C) and whole blood was spotted onto them. Each Whatman 903™ card has five sample slots with each having a diameter of about half inches. Fifty microlitres of whole blood was spotted onto each of the sample slots in two cards for each patient (Totally 500 μl spotted, on two cards). The cards were labelled and left to dry, at room temperature (28°C ± 3°C) for 6 h. Cards were then put into separate zip lock pouches with desiccant. Afterwards, the card labelled as DBS A (4°C) was placed in a box and stored in refrigerator which maintained 4°C and the card labelled as DBS B (≥37°C) was put in another box and kept in walk in incubator with temperature ≥37°C (maximum temp: 39°C), for 15 days. After 15 days, the cards were taken out of their respective boxes and kept at −20°C, until the time of testing.
Two sample slots from each DBS card (A and B), containing 50 μl individually were punched out and used for elution. HCV RNA elution was performed according to a modification of the protocol by David et al. [5] using Abbott bulk mLysis buffer. Two sample slots from each DBS card were punched out (three punches from one slot) and placed into 1.7 ml of mLysis buffer aliquoted into Tarsons tubes. These were kept at room temperature (28°C ± 3°C) for 2 h with intermittent agitation. After 2 h, Tarsons tube with the DBS punches were centrifuged at 4500 rpm for 2 min. Eluate (750 μl) was then used for HCV-RNA extraction by Abbott M2000 sp. The RNA extract was subjected to nucleic acid amplification using Abbott RealTime HCV assay (Abbott Molecular Inc., Des Plaines, IL, USA) which targets 5' untranslated region of HCV genome.
A total of 36 samples were included in the final statistical analysis, as HCV RNA values were available for all three subsets, i.e., plasma, DBS A (at 4°C) and DBS B (at ≥37°C) for 36 of these study patients. Other four samples were excluded, as any one of the subset (either DBS A or DBS B) of these samples gave invalid result or error codes on repeated testing. This was done for better correlation analysis and to minimise any statistical error.
A normalisation coefficient was calculated to adjust for sample type and sample volume difference between DBS samples and plasma samples. [5, 6] HCV is predominantly present in plasma. Since whole blood is spotted on the Whatman 903™, there is a requirement to calculate a normalisation coefficient for estimating the corresponding plasma viral load of each DBS sample. This is due to the difference in plasma volume in the DBS in comparison with routine plasma used for HCV quantification. Median haematocrit (PCV) value for 36 patients included in the study was 37.4% (interquartile range: 30.1-41.05). In DBS, the input volume was 100 μl. Subtracting the median PCV value from hundred will give the amount of plasma in the DBS (100%-37.4% = 62.6%). The correction factor for ascertaining plasma viral load in 100 μl was calculated as, 100/62.6 = 1.6.
However, in routine testing, 500 μl of plasma is used, but in DBS testing, 100 μl of whole blood is spotted and eluted for estimation of HCV RNA. The correction factor adjusting for the volume of sample was 500/100 = 5.
Thus, the final normalisation/correction factor taking into consideration both the volume and sample type was 8 (5 × 1.6).
HCV core antigen estimation was undertaken on 29 paired DBS sample eluates employing the Abbott ARCHITECT HCV Ag Assay (Abbott Laboratories, USA), which is an automated CMIA.
Statistical methods
The agreement between routine plasma and corrected DBS based polymerase chain reaction (PCR) was analysed using Interclass correlation. Bland Altman Plot was used to compare the agreement between the two methods. All data generated in the study were analysed using Microsoft Excel and SPSS software (IBM Corp., Armonk; New York, USA).
results

Demographic profile and baseline parameters
Of the 36 study patients, 33.3% were from Bangladesh, which formed the single largest ethnic group of this study. Patients from West Bengal (19.4%), Tamil Nadu (13.8%) and Andhra Pradesh (8.3%) were the next significant population subset. 
Virological characterisation
The mean HCV antibody levels of the thirty six samples included for statistical analysis was 11.97 S/Co. The median HCV antibody was 12.625 S/Co (interquartile range: 10.75-13.825).
Genotype 3 (72.7%) was the predominant genotype followed by genotype 1 (24.2%) and genotype 4 (3.03%) among the study population.
Hepatitis C virus RNA estimation
The mean plasma HCV RNA values and mean plasma HCV RNA log 10 values for 36 study patients were 168,2975 IU/mL and 6.22 log 10 IU/mL, respectively. Median plasma HCV RNA for 36 patients was 554351 IU/mL (interquartile range: 139,235-2,095,924) and median log 10 plasma HCV RNA value (for 36 patients) was found to be 5.74 (interquartile range: 5.14-6.32) log 10 IU/mL.
Comparison of plasma hepatitis C virus RNA and dried blood spots hepatitis C virus RNA kept at 4°C (Dried blood spots A)
Median HCV RNA values of DBS samples kept at 4°C was 5708 (interquartile range: 1279-15,127.50) IU/ml. Corresponding median log 10 HCV RNA value was 3.75 (interquartile range: 3.10-4.17) log 10 IU/mL.
The difference in plasma HCV RNA log 10 value and DBS (4°C) HCV RNA log 10 value is 1.99 logs.
The normalised median log 10 HCV RNA for DBS A (at 4°C) was 4.66 (interquartile range: 3.98-5.09) log 10 IU/mL and the difference between median plasma log 10 HCV RNA, i.e., 5.74 (interquartile range: 5.14-6.32) and median log 10 HCV RNA of DBS A was 1.08 logs. 
Comparison of plasma hepatitis C virus RNA and dried blood spots hepatitis C virus RNA kept at ≥37°C (dried blood spots B)
Median HCV RNA value for DBS samples kept at ≥37°C was 9800 (interquartile range: 1625-20,169) IU/ml. Median log 10 The difference between the median plasma log 10 HCV RNA values (5.74 log 10 IU/mL) and median log 10 HCV RNA value for DBS B (3.99 log 10 IU/mL) was 1.75 logs.
The normalised median log 10 HCV RNA for DBS B (at ≥37°C) was 4.92 (interquartile range: 4.14-5.12) log 10 IU/mL. The difference between median plasma log 10 HCV RNA and median of corrected/normalised DBS B was 0.82 logs.
Normalised log values of HCV RNA of DBS B (at ≥37°C) and plasma log values of HCV RNA showed a high correlation, with the correlation value; R = 0.943 (95% confidence interval: 0.892-0.971), P < 0.0001, as shown in Figure 3 .
Bland-Altman plot analysing HCV RNA values of plasma and DBS B (at ≥37°C) (corrected/normalised value) showed a high agreement, as depicted in Figure 4 .
Comparison of log values of hepatitis C virus RNA of dried blood spots A (at 4°C) and dried blood spots B (at ≥37°C)
Good correlation (R = 0.974, 95% confidence interval: 0.950-0.987, P < 0. 
Plasma hepatitis C virus core antigen and dried blood spots (A and B) hepatitis C virus core antigen results comparison
Comparison of hepatitis C virus core antigen values of plasma and dried blood spots A (at 4°C)
Poor correlation (R = 0.031, 95% confidence interval: −0.33-0.39) was found between core antigen values of plasma and DBS A samples.
Comparison of hepatitis C virus core antigen values of plasma and dried blood spots B (at ≥37°C)
Poor correlation (R = 0.164, 95% Confidence interval: −0.22-0.506) was found between core antigen values of plasma and DBS B (at ≥37°C). 
discussion
Patient care of HCV encompasses screening and timely diagnosis of the disease and monitoring the patients through the course of therapy to monitor the treatment response. HCV RNA quantification is considered the best method to assess therapy as antibodies to HCV remains positive even in individuals who have spontaneously cleared the virus. [7] HCV RNA is also superior to antibody detection in immunosuppressed patients, where HCV antibody maybe falsely negative and in individuals with high-risk lifestyles and in those who are multi-transfused, as they have high chances of getting re-infected.
HCV RNA detection is available only in few specialised centres in a country such as India. In the absence of such tests in distant resource-limited settings, samples are sent to referral centres for HCV RNA quantification.
DBS have been used in the recent past as a means of easy sampling of patients and for convenient storage and transport of samples from distant resource-limited settings to referral laboratories for testing of HCV. [8] Effect of storage conditions, ambient room temperature and duration of storage on HCV RNA in DBS has also been evaluated in different studies in other regions.
An earlier study evaluating the stability of HCV RNA in DBS by Abe and Konomi showed that HCV RNA remained stable at room temperature for 4 weeks, but there was a 10-fold decline in the viral load over the period. [9] Solmone et al. assessed HCV RNA from a set of DBS samples stored at room temperature for 11 months and found that the positivity of the samples was preserved throughout the study. [10] Tuaillon et al. (2010) , in their study, found dramatic decrease in HCV RNA in DBS samples kept at room temperature for 6 days, while DBS kept at −20°C showed no significant decline. [11] HCV RNA was found to be stable at different temperatures for a period of 1 year in the study by Bennett et al. [12] In the study published in 2013, Brandão et al. showed DBS to be stable at different conditions such as 22°C-26°C, 2°C-8°C and −20°C for 60 days. [13] Cloherty et al., in their study, found HCV RNA to be stable in DBS for 10 weeks at ambient room temperature and at 2°C-8°C. [14] No substantial difference was observed in HCV RNA DBS samples stored at 24°C and at −80°C over 19 months in a study by Soulier et al. [15] Neesgaard et al., [16] from Denmark compared plasma HCV RNA values and DBS HCV RNA values of samples sent through regular mail and found a statistically significant correlation (R = 0.678) between both.
Majority of the studies have evaluated the effect of ambient room temperature on DBS in temperate climates and did not assess the effect of tropical temperatures on the stability of HCV RNA. Recent Indian studies by Mahajan et al. [17] and Ghosh and Hazarika [18] have evaluated DBS as a means of sample collection, but there are limited data on the effect of elevated temperatures prevalent in the Indian subcontinent on the integrity of HCV RNA.
In this study, we have tried to simulate temperature conditions during transport from distant sites in the tropical climate widely present in India by storing DBS cards at ≥37°C for 15 days. DBS cards were also stored at 4°C to simulate the transport of such cards in a controlled cooler environment. These cards were then stored at −20°C until time of testing, in the same run. Plasma from the same patient was subjected to routine viral load testing. HCV RNA quantification and HCV core antigen estimation of DBS was undertaken to evaluate the feasibility of DBS as a specimen, by comparing DBS results with the corresponding plasma results.
In this study, median log plasma HCV RNA value was 5.74 (interquartile range: 5.14-6.32) log 10 IU/mL. Median log values of HCV RNA in DBS A and DBS B were 3.75 (interquartile range: 3.10-4.17) log 10 IU/mL and 3.99 (interquartile range: 3.21-4.30) log 10 IU/mL, respectively.
A difference of 1.99 log 10 IU/mL was observed between median log value of plasma HCV RNA and median log HCV RNA value of DBS A (4°C). DBS B (at ≥37°C) showed a difference of 1.75 log 10 IU/mL. This was in accordance with results from previously published studies by Marins et al., [6] which showed 2 log 10 IU/mL difference in plasma log 10 HCV RNA and DBS log 10 HCV RNA values and a study in France undertaken by Soulier et al. where mean HCV RNA level of DBS with whole blood was 1.75 ± 0.3 log 10 IU/mL less than that of plasma. [15] This signifies that DBS can be used as means of sampling for HCV RNA as the difference between plasma and DBS HCV RNA log 10 values is consistent in different studies and DBS HCV RNA values can be utilised to predict the plasma HCV RNA value.
There was strong correlation between HCV RNA log 10 values of, DBS A (R = 0.950, P < 0.0001) and DBS B HCV RNA log 10 values (R = 0.943, P < 0.0001) with that of the plasma log 10 HCV RNA value. This again is in concordance with the published data. [6, 15] Results from this study suggest that no deterioration of HCV RNA occurred at high-temperature conditions (≥37°C). Thus, DBS can be used as a means to transport samples even in the Indian subcontinent where the temperatures are high, especially during the summer.
Using Bland-Altman analysis, a high agreement between the values of the DBS log 10 HCV RNA and plasma log 10 HCV RNA was demonstrated in this study, with 95% of values should lying between −1.96 standard deviation [SD] and +1.96 SD.
Whole blood is spotted onto DBS while plasma is the preferred sample for testing of HCV RNA. There is a difference in sample volume and sample type between plasma and DBS samples, which need to be adjusted for giving an accurate result. PCV values of samples are required for arriving at a correction factor, as is shown in studies by David et al. [5] and Marins et al. [6] In our study, DBS samples were normalised with respect to sample type and volume, by the use of a correction factor/normalisation coefficient (ascertained by median PCV value of the study participants, 37.4%) and showed a reduction of 0.82-1.08 log 10 IU/mL from that of plasma HCV RNA values, suggesting that there is some amount of loss in efficiency of amplification in using DBS samples, again in accordance with the finding in the study by Marins et al. [6] Sample with plasma HCV RNA value of 542 IU/mL (2.73 log 10 IU/mL) was detected in both DBS A and B. DBS A yielded a result of '<12 IU/mL detected,' whereas DBS B yielded a result of 26 IU/ml (1.46 log 10 IU/mL).
Another sample with plasma HCV RNA of 17 IU/ml (1.23 log 10 IU/mL) was not detected in both of the corresponding A and B DBS cards, showing the lower limit of detection of HCV RNA by DBS in our study to be around 542 IU/ml (2.73 log 10 IU/ml).
There have been a few studies which have assessed the lower limit of detection of HCV RNA by DBS. Tuaillon et al. found the lowest limit of detection of HCV RNA by DBS to be 331 IU/mL. [11] Bennett et al. concluded that for the HCV RNA to be detected in DBS, the value in the corresponding plasma sample should be between 150 and 250 IU/mL. [12] Marques et al. and Mössner et al. found the lower detection limit of HCV RNA to be 58 copies/mL and <100 IU/mL, respectively. [19, 20] Furthermore, in a recent Indian study, 3 log 10 IU/mL was considered to be the lowest HCV RNA viral load that was detected by employing DBS. [17] The lower limit of detection of HCV RNA in our study is higher than that found in other published studies. A study with larger sample size is required to ascertain the limit of detection of HCV RNA in DBS samples accurately.
HCV core antigen is a structural protein of HCV which is detected in blood during viral replication. Its detection in blood is a cost-effective method to diagnose active HCV infection, as HCV RNA PCR is a costly and cumbersome procedure. It is present in blood during the preseroconversion period and can also be used as a marker of infection in neonates and immunocompromised individuals in whom antibody response is not reliable for diagnosis.
As HCV core antigen estimation is easier and requires less equipment than HCV RNA analysis and still gives a clear indication about the infection, HCV core antigen estimation has the potential of being used as a marker for screening and treatment response in low-resource areas. HCV core antigen was also estimated in a total of 29 samples. DBS A and B and plasma HCV core antigen values were poorly correlated (A, 4°C, r = 0.31; B, ≥37°C, r = 0.16). This can be due to the prolonged storage of DBS samples at different temperatures for 15 days, which might have led to deterioration of core antigen. HCV core antigen estimation was undertaken on DBS samples by Brandão et al. and they showed a deterioration in the OD values after storage of DBS samples at −20°C. [13] Soulier et al. [15] also found that DBS had poor sensitivity for quantifying HCV core antigen. Thus, our findings were corroborated.
Conclusion
This study has demonstrated that DBS can be used as an alternative to plasma for qualitative identification of HCV infection in resource-limited settings. The difference in DBS log 10 values and plasma log 10 values is in concordance with previous studies. A normalisation/correction factor needs to be deduced while dealing with DBS samples, as the sample volume in DBS is less than that of plasma used for testing and the fact that whole blood is spotted onto DBS which contains blood cells in addition to plasma. The uniqueness of this study is that it shows there is no significant deterioration of nucleic acids in samples kept at ≥37°C compared to those stored at 4°C. Thus, DBS shows promise as a means of sample collection in far-flung resource-limited settings, even in tropical countries. The limitation of this study was the small sample size. A larger study is required for predicting the feasibility of DBS samples as an alternative to plasma, primarily for estimation of HCV core antigen. 
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